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Experience with FRP £ ASTALDI

AMore than 20 years using FRP:

I O O ARebdit®rgjects usingFRP
Metro Copenhagen,Phase 1 « Metro Milan Line 5 Bignami

2- Denmark Garibaldi, Italy

Metro Brescia. Italy Metro Naples Line 1, Piscinol
- Centro Direzionale, Italy

Metro Genoa, Italy Metro Rome Line C, Italy
Phase 1 and Phase 2

Metro Milan Line 4, Italy Metro Warsaw, Poland

Metro Milan Line 5, San Siro RomeNaples HSR, Italy
Garibaldi, Italy

Al OOAI AEGO OOA | A& &20h EADP
mechanized tunnelingandNATM works.

) FRP_for New Construction




i ®

£ ASTALDI

FRP in Tunneling £
breakthroughs of
Tunnel Boring

Machines (TBMSs) In
stations/shafts.

AUse ofGlassFRP
reinforcementsfor 5 el
tunnel face
strengthening in soft | |
ground NATM tunnels
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FRBN Permanent Works £ ASTALDI

U Concrete Tunnel
Linings/Segments with FRP.
In recent years, the

improvement in U LRT Track Bed#/itigation
materials and testing of Stray Current Corrosion

have allowed FRP 10 {; Reinforced Concrete
make the jJump from _  Structures in marine
@mporary worksd Ol environments.

@ermanent workd 8 U Reinforced Structures
subject to harsh
environmentz cold weather
climates.
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Concrete Tunnel Segments £ ASTALDI
Benefits ofFRP

U Less reinforcements
requirements due to reduced
concrete cover.

U Hi%her durability- no issues
with spalling caused by
oxidization of steel rebar.

U Higher durability- no
corrosions caused by stray
currents from DC distribution
lines, railway systems,
substations, among other
sources

U Normal Concrete Mixes
Designsno specific
requirements for specialized
mixesand relevant testing
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Site Storage and Logistics £ ASTALDI

U Transportation and e
storage usually In | Y |
containersz avoids
mishandling ofrebar
and protection from
direct sunlight.

U Light weight of FRP
rebar make it easy to
man handle all sizes
and lengths minimizing
H&S issues.
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Construction Challenges i ASTALDI

U Lift of prefabricated
FRP cages

U Splicing of rebar to
ensure safe lifting.

U Concrete iIssues due to
light weight of rebarr.

UNO FLAME no heat
sources allowed near
FRP bars.

__U Fragility of rebar
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Construction Considerations £ AsTALDI

Procurement & Lead Time

U Procurement must consider lead time for
manufacturingand shipping.

U Design becomes critical

U Procurement of additional quantities of FRP bars
to ensure immediate replacements in case of
damages on site.

U QA/QGC additional verifications at manufacturing
plant needed prior to shipment to mitigate risk of
delays due to non compliances of materials
arriving on site.
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Construction Considerations  # AsTALDI

Site Storage and Logistics
U Additional Storage requirements needed on site

U Specific lifting plans needed for large
prefabricated cages.

U Weight of bars is ¥4 of black steel, making it easy
to handle and increases productivity rebar
placing.
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Construction Challenges £ ASTALDI

ATrained labor required to ensure correct fixing
and minimize risk of damages and movement of
reinforcements during concreting operations.

ASpecialized lifting plans required for
prefabricated cages.

ASplicing of FRP bars complicated and time
consuming.
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Construction related issues # ASTALDI
GFRP vs Black Steel

Advantages:

AReduced concrete cover requirements
ALabor Savings during Installation
A Concrete Properties less stringent

Disadvantages:

AHigher Costs of Materials

A Specific Storage and Site Logistics

A Additional Contingencyl O Udn@red

A Specific lifting plans required

AQA/QG additional verifications at manufacturing plant
ARisk of movement of GFRP during concreting
AFragilez easily damaged. Specialized training of labor.
A Splicing details for prefabricated cages
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Halls River Bridge # ASTALDI

A Situated in Citrus County and consists of the replacement of the
existing. Thebridge sectionis atwo 1lane width, 8Gshoulderand 50
sidewalkin eachdirection.

A The proposed bridge is being constructed using Composite Beams,
r_ed-str%ssekd piles using carbon tendons and FRPreinforcement for
ridge dec

A Two-stage construction method is envisaged, partial demolition of

the existing bridge structure, construction of a portion of the new
bridge, demolition of the remaining existing bridge structure and the
completion of the new bridge.
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ASTALDI

PROJECT FEATURES

AFRP reinforcement for main
deck slab

AHillman Composite Beams
(HCB

ACarbonFRP re Eforcements
and preOOOA OOE

APrecast concrete sheepiles
with carbon FRP
reinforcements and pre
stressing

APrecastconcrete sheet piles
with external FRP
reinforcements and central
steel prestressing tendons.




